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1
TOUCH-SENSING DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the touch-sensing display
device and in particular to the touch-sensing display device
for reducing the misreporting of the touch point.

2. Description of the Related Art

Given the ubiquity of portable devices such as PDAs and
cell phones, touch-sensing display devices have attracted
much attention. Generally, a touch-sensing display device is
composed of a touch panel and a liquid-crystal module. There
are some ways to integrate the touch panel with the liquid-
crystal module, such as “out-cell”, “on-cell”, and “in-cell,” as
it is known in the art. In short, the techniques can be divided
into two types, bonding techniques (also called Lamination)
and un-bonding techniques.

FIG. 1A is aschematic diagram illustrating a touch-sensing
display device made by a bonding technique. With respect to
the bonding technique, because the touch panel 110 and the
liquid-crystal module 120 are combined together by the
bonding technique, there may exist a gap G, (as shown in
FIG. 1A), such as air, between the touch panel 110 and the
liquid-crystal module 120 resulting in poor touch efficiency,
such as the touch-sensing display device misreporting a touch
point (as described below).

When the user touches the touch-sensing display device,
the capacitance value of the capacitor disposed in the touch
panel 110 will change. The microprocessor (not shown) com-
pares the variation of the capacitance values (hereinafter is
referred to as the differential values) with a threshold so as to
detect what point is pressed. In short, the above description is
called reporting the touch point, represented by the word
“reporting”.

FIG. 1B is a diagram illustrating the touch panel 110 being
pressed resulting in a Bending Phenomenon. As show in FIG.
1B, due to the gap G, between the touch panel 110 and the
liquid-crystal module 120, the touch panel 110 bends seri-
ously when the touch panel 110 is pressed heavily. That is to
say that the Bending Phenomenon occurs on the touch panel
110. The Bending Phenomenon leads to misreporting of the
touch point of the touch-sensing display device, further
affecting touch efficiency. It should be noted that when the
strength of the press on the touch panel 110 is stronger, the
misreporting of the touch point becomes more pronounced.

FIG. 2A is a diagram illustrating the Bending Phenomenon
resulting from a heavy press. FIG. 2B is a diagram illustrating
the differential values’ behavior when touching the touch
panel 110 with strong force. Referring to FIGS. 2A and 2B,
because a finger or another object presses point A on the touch
panel 110 heavily, the whole touch panel 110 bends seriously,
further resulting in the differential value of the un-pressed
points nearby point A, such as points Al and A2, varying
drastically and resulting in the differential value of the un-
pressed point not nearby point A, such as points B and B1
varying drastically as well, as shown in FIG. 2B.

The microprocessor (not shown) compares all the difter-
ential values with the threshold th0 so as to detect what point
is pressed according to the comparing results. For example,
the differential value of point A is the highest one and is over
the threshold. Points A1 and A2 nearby point A are also over
the threshold. The microprocessor determines that point A is
pressed according to the differential values of points A1 and
A2, wherein the judging method for determining what point is
pressed is designed by the designer and installed in the micro-
processor, as is known in the art.
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With respect to points B and B1 not being nearby the
pressed point A, the differential value of points B and B1 that
are not pressed is also higher than the threshold th0, as shown
in FIG. 2B. Thus, the microprocessor (not shown) regards
point B as the pressed point according to comparing results
and the same judging method. However, point B is not actu-
ally pressed, and thus point B is called a “Ghost Point,” as it
is known in the art. This foregoing situation is called misre-
porting the touch point, represented by the word “misreport-
ing”.

Thus, there is a need to provide a new touch-sensing dis-
play device to prevent misreporting of the touch point so as to
further enhance touch efficiency.

BRIEF SUMMARY OF THE INVENTION

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

Aspects of the present invention are to address at least the
above-mentioned problems and/or disadvantages and to pro-
vide at least the advantages described below. Accordingly, an
aspect of the present invention is to provide a touch-sensing
display device for preventing the misreporting of the touch
point that occurs when a gap exits between the Touch panel
and the Liquid-crystal Module, and when the Touch panel is
pressed heavily.

In accordance with an aspect of the present invention, a
touch-sensing display device is provided. The touch-sensing
display device includes a plurality of row electrodes and
column electrodes, a capacitance detector detecting first
capacitance-variation values of each of the row electrodes
with respect to a reference and second capacitance-variation
values of each of the column electrodes with respect to the
reference, and detecting third capacitance-variation values of
each intersection of the row electrodes and the column elec-
trodes, and a processor carrying out a first operation to deter-
mine the entering of a bending mode, according to the first,
second and third capacitance-variation values. In the first
operation, the processor counting the first number of the first
and second capacitance-variation values which exceed a first
threshold, counting the second number of the first and second
capacitance-variation values which are up to a maximum
capacitor-variation value, and counting the third number of
the third capacitance values which exceed a second threshold.
The processor makes the touch-sensing display device enter
the bending mode when the first and second numbers are over
a first predetermined number and a second predetermined
number respectively, and the third number is below the first
number. The processor carries out a second operation to raise
the second threshold when the touch-sensing display device is
in the bending mode.

The present invention further presents a method according
to which the above touch-sensing display device operates for
reducing the misreporting of the touch point of the touch-
sensing display device. The method comprises: providing a
plurality of row electrodes and column electrodes, detecting
first capacitance-variation values of each of the row elec-
trodes with respect to a reference and second capacitance-
variation values of each of the column electrodes with respect
to the reference, and detecting third capacitance-variation
values of each intersection of the row electrodes and the
column electrodes. It further comprises counting the first
number of the first and second capacitance-variation values
which exceed a first threshold, counting the second number of
the first and second capacitance-variation values which are up
to a maximum capacitor-variation value, and counting the
third number of the third capacitance values which exceed a
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second threshold. The first operation comprises carrying out
a first operation to determine the entering of a bending mode,
according to the first, second and third capacitance-variation
values, making the touch-sensing display device enter the
bending mode when the first and second numbers are over a
first predetermined number and a second predetermined num-
ber respectively, and when the third number is below the first
number, carrying out a second operation to raise the second
threshold when the touch-sensing display device is in the
bending mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

FIG. 1A is a schematic diagram illustrating the touch-
sensing display device made by bonding technique;

FIG. 1B is a diagram illustrating the touch panel being
pressed resulting in a Bending Phenomenon;

FIG. 2A is a diagram illustrating the Bending Phenomenon
resulting from the heavy press;

FIG. 2B is a diagram illustrating the differential values’
behavior when touching the touch panel 110 with a strong
force;

FIG. 3 is a diagram illustrating the differential values’
behavior;

FIG. 4 is a block diagram illustrating the touch-sensing
display device 300 according to an exemplary embodiment of
the present invention;

FIG. 5 is a diagram illustrating the bending zone and the
non-bending zone of the touch-sensing display device 300
according to another exemplary embodiment of the present
invention;

FIG. 6 is aflow chart illustrating entering the bending mode
and raising the mutual threshold according to the exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

FIG. 3 is a diagram illustrating the differential values’
behavior according to an exemplary embodiment of the
present invention. The present invention presents a touch-
sensing display device for reducing the misreporting of the
touch point by raising the threshold, as shown in FIG. 3.
Compared with FIG. 2B, the touch-sensing display device of
the present invention makes the threshold value rise from the
threshold value thl to the threshold value th2, wherein the
threshold value th2 is over the differential value of point B.
Thus, point B would not be regarded as the pressed point by
the microprocessor so as to mitigate the misreporting of the
touch point issue. The variations of those capacitance values
known as the differential values have a variation range of
0-255; however, another range is also considered. That it to
say, 255 is a maximum capacitor-variation value in the
present invention. It is noted that the above descriptions are
only for exemplifying the invention and it is not limited
thereto.

FIG. 4 is a block diagram illustrating the touch-sensing
display device 300 according to an exemplary embodiment of
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the present invention. The touch-sensing display device 300
includes a plurality of row electrodes (for example, row elec-
trode Ry, R,, . . ., Ry as shown in FIG. 4) and column
electrodes (for example, column electrode C,, C,, ..., C, as
shown in FIG. 4) arranged on a touch panel 310, a capacitance
detector 320 and a processor 330. The capacitance detector
320 is coupled to the touch panel 310, further being coupled
to the plurality of row electrodes and column electrodes. The
processor 330 is coupled to the touch panel 310 and the
capacitance detector 320. It is noted that the touch-sensing
display device 300 further includes a liquid-crystal module
(not shown), but the Bending Phenomenon occurs on the
touch panel 310. Thus, the following descriptions focus on
the touch panel 310.

Each of the row electrodes could form the equivalent
capacitance (designated with the capacitance C,;, C,,, . . .,
C,»1n FIG. 4) and each of the column electrodes could form
the equivalent capacitance (designated with the capacitance
C,1,Css, . .., Cop in FIG. 4) as well. Those capacitances C
Ci .- ., Ciyand Cyy, Cyy, ..., Cyy, are called “Self
Capacitance”, as it is known in the art. Additionally, each
intersection of the row electrodes and the column electrodes
form the equivalent capacitance (designated with the capaci-
tance C; in FIG. 4), called “Mutual Capacitance,” as it is
known in the art.

The capacitance detector 320 detects the variation of the
capacitance value of the foregoing capacitances, Self Capaci-
tance and Mutual Capacitance, wherein the variation of the
capacitance value of the foregoing capacitances are also
called “differential value” herein. The capacitance detector
detects first capacitance-variation values of each of the row
electrodes with respect to a reference (such as the reference
ground GND as shown in FIG. 4) and second capacitance-
variation values of each of the column electrodes with respect
to the reference (such as the reference ground GND as shown
in FIG. 4). In addition, the capacitance detector 320 detects
third capacitance-variation values of each intersection of row
electrodes and column electrodes. The capacitance detector
320 detects the variation of the capacitance values of the “Self
Capacitance” and the “Mutual Capacitance”.

In another exemplary embodiment of the present invention,
the capacitance detector 320 further comprises a self-sensing
channel (not shown) and a mutual sensing channel (not
shown). The self-sensing channel detects the first capaci-
tance-variation values and the second capacitance-variation
values; that is to say the capacitance detector 320 detects the
variation of the capacitance value of Self Capacitance, and
transmits the detection results to the processor 330. In addi-
tion, the mutual sensing channel detects the third capacitance-
variation values; that is to say the mutual sensing channel
detects the variation of the capacitance value of Mutual
Capacitance, and transmits the detection results to the pro-
cessor 330.

The conventional touch-sensing display device would mis-
report the touch point when the Bending Phenomenon occurs.
In view of this, the touch-sensing display device 300 of the
present invention is able to detect the Bending Phenomenon
occurring on the touch-sensing display device 300 so as to
enter a “bending mode” for preventing any misreporting of
the touch point. The details are described below.

The processor 330 carries out a first operation to determine
the entering of a bending mode, according to the first, second
and third capacitance-variation values and carries out a sec-
ond operation sequentially.

In the first operation, the processor 330 compares the first
and second capacitance-variation values with a first thresh-
old, called the “selfthreshold” and counts the first number N1
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of the first and second capacitance-variation values which
exceed the first threshold. The processor 330 further counts
the second number N2 of the first and second capacitance-
variation values which are up to a maximum capacitor-varia-
tion value, for example, the maximum capacitor-variation
value is 255. In addition, the processor 330 counts the third
number N3 of the third capacitance values which exceed a
second threshold, called the “mutual threshold”.

Then, the processor 330 determines whether the bending
mode has been entered or not according to the above counting
results. Specifically, the processor 330 makes the touch-sens-
ing display device 300 enter the bending mode when the first
and second numbers N1 and N2 are over a first predetermined
number P1 and a second predetermined number P2 respec-
tively, and the third number N3 is below the first number N1.

The processor 330 carries out a second operation to raise
the second threshold (the mutual threshold) when the touch-
sensing display device 300 is in the bending mode.

In another exemplary embodiment of the present invention,
the processor 330 further counts a fourth number N4 of third
capacitance-variation values which are up to the maximum
capacitor-variation value. Then, the processor 330 makes the
touch-sensing display device 300 enter the bending mode
when the fourth number N4 is over a third predetermined
number P3.

Generally, there are two techniques, Palm Rejection and
Recalibration, which are widely applied to the touch-sensing
display device, as it is know in the art.

The function of Palm Rejection makes the touch-sensing
display device ignore a large amount of variation of the
capacitance value, resulting from the large area which is
pressed. For example, when the user puts his palm on the
surface of the touch-sensing display device and touches the
touch-sensing display device with a finger at the same time,
his palm covering the large area on the surface results in a
large amount of variation in the capacitance value, and the
touch-sensing display device cannot identify the point on the
touch-sensing display device that is being touched by the
user’s finger, further resulting in the breaking down of the
touch-sensing display device. Thus, a Palm Rejection is per-
formed to make the touch-sensing display device ignore a
large amount of variation in the capacitance value.

With respect to Recalibration, because the drastic changes
in the variation of the capacitance value results in the touch-
sensing display device breaking down as well, Recalibration
is performed to recalibrate the drastic changes of the variation
of the capacitance value so as to achieve the zeroing calibra-
tion of the variation of the capacitance value. Because Reca-
libration makes the variation of the capacitance value of the
point change to “0” value, the touch-sensing display device
does not make the response to that point.

However, the Bending Phenomenon also causes a large
amount of variation in the capacitance value and drastic
changes in the variation of the capacitance value. The touch-
sensing display device 300 of the present invention is pre-
sented in order to perform touch functions normally when the
Bending Phenomenon occurs. On the other hand, if Palm
Rejection and Recalibration are performed, because a large
variation in the capacitance value is ignored and the variation
of the capacitance value changes to “0” value, the touch-
sensing display device 300 cannot perform touch functions
normally anymore.

Accordingly, in another exemplary embodiment of the
present invention, if the touch-sensing display device 300
further has the functions of Palm Rejection and Recalibration,
then when the processor 330 makes the touch-sensing display
device 300 enter the bending mode, the processor 330 dis-
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6

ables the functions of Palm Rejection and Recalibration so as
to perform touch functions normally.

FIG. 5 is a diagram illustrating the bending zone and the
non-bending zone of the touch-sensing display device 300
according to another exemplary embodiment of the present
invention. In the present embodiment, the touch-sensing dis-
play device 300 further defines the bending zone and the
non-bending zone according to the variation in the capaci-
tance value of Self Capacitance and only raises the second
threshold (the mutual threshold) in the bending zone. The
way to define the bending zone and the non-bending zone are
described below.

The processor 330 knows what row electrodes and column
electrodes are over the first threshold (the self threshold),
according to the detection results detected by the capacitance
detector 320. For example, referring to FIG. 4 and FIG. 5, it is
obvious that the differential values from the column electrode
C,, to the column electrode C, are over the first threshold t;.
Similarly, the differential values from the row electrode R, to
the row electrode R, are over the first threshold t, as well.
Thus, the processor 330 defines the region where the first
capacitance-variation values exceed the first threshold (indi-
cated the row electrode R, to the row electrode R, as shown
in FIG. 5) and the second capacitance-variation values exceed
the first threshold (indicated the column electrode C, to the
column electrode C,, as shown in FIG. 5) as a bending zone
50 and defines the rest of the region as a non-bending zone.
The processor 330 raises the second threshold (the mutual
threshold) of the bending zone 50. On the other hand, the
bending zone 50 adopts the higher threshold and the non-
bending zone adopts the lower threshold conversely.

In the above exemplary embodiment of present invention,
the variation of capacitance value of Self Capacitance is more
sensitive and larger than the variation of the capacitance value
of Mutual Capacitance when the Bending Phenomenon
occurs, so the variation of capacitance value of Self Capaci-
tance serves as the main principle to determine whether enter-
ing bending mode or not. However, the above descriptions are
only for exemplifying the invention and it is not limited
thereto

FIG. 6 is a flow chart illustrating how to enter the bending
mode and raise the mutual threshold according to the exem-
plary embodiment of the present invention. In step S1, the
processor 330 determines whether the first number N1 is over
a first predetermined number P1 or not; if “yes”, then the
process proceeds to step S2, otherwise it returns to step S0. In
step S2, the processor 330 determines whether the second
number N2 is over a second predetermined number P2 or not;
if “yes”, then the process proceeds to step S3, otherwise it
returns to step S0. In step S3, the processor 330 determines
whether the third number N3 is below the first number N1 or
not; if “yes”, then the process proceeds to step s4, otherwise
it returns to step SO. In step S4, the processor 330 further
determines whether the fourth number N4 is over a third
predetermined number P3 or not; if “yes”, the processor 330
makes the touch-sensing display device 300 enter the bending
mode, step S5. After the processor 330 makes the touch-
sensing display device 300 enter the bending mode, the pro-
cessor 330 disables the functions of Palm Rejection and Reca-
libration. Then, in step S7, the processor 330 raises the mutual
threshold, as shown in FIG. 3. It should be noted that the order
of'steps S1-S4 can be arranged at random, and this reordering
would not affect the expected function of the present inven-
tion. Similarly, the order of steps S6-S7 can be arranged at
random as well.

Based on the above descriptions, it is realized the present
invention provides a touch-sensing display device 300, hav-
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ing a function of raising the mutual threshold so as to prevent
the touch-sensing display device from misreporting the touch
point when the Bending Phenomenon occurs.

While the invention has been described by way of example
and in terms of the preferred embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments. On the contrary, it is intended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What is claimed is:

1. A touch-sensing display device, comprising:

a plurality of row electrodes and column electrodes;

a capacitance detector, detecting first capacitance-varia-
tion values of each of the row electrodes with respect to
a reference and second capacitance-variation values of
each of the column electrodes with respect to the refer-
ence, and detecting third capacitance-variation values of
each intersection of the row electrodes and the column
electrodes; and

a processor, carrying out a first operation to determine the
entering of a bending mode, according to the first, sec-
ond and third capacitance-variation values; in the first
operation, the processor counting the first number of the
first and second capacitance-variation values which
exceed a first threshold, counting the second number of
the first and second capacitance-variation values which
are up to a maximum capacitor-variation value, and
counting the third number of the third capacitance values
which exceed a second threshold; the processor making
the touch-sensing display device enter the bending mode
when the first and second numbers are over a first pre-
determined number and a second predetermined number
respectively, and the third number is below the first
number;

the processor carrying out a second operation to raise the
second threshold when the touch-sensing display device
is in the bending mode.

2. The touch-sensing display device as claimed in claim 1,

wherein

in the first operation, the processor further counting a
fourth number of third capacitance-variation values
which are up to the maximum capacitor-variation value;
the processor making the touch-sensing display device
enter the bending mode when the first and second num-
bers are over a first predetermined number and a second
predetermined number respectively, the third number is
below the first number, and the fourth number is over a
third predetermined number.

3. The touch-sensing display device as claimed in claim 1,
wherein the touch-sensing display device further has the
functions of Palm Rejection and Recalibration;

when the processor is making the touch-sensing display
device enter the bending mode, the processor disables
the functions of Palm Rejection and Recalibration.

4. The touch-sensing display device as claimed in claim 1,

wherein the capacitor detector further comprises:

a self-sensing channel, detecting the first capacitance-
variation values and the second capacitance-variation
values and transmitting the detection results to the pro-
cessor; and

a mutual sensing channel, detecting the third capacitance-
variation values and transmitting the detection results to
the processor.
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5. The touch-sensing display device as claimed in claim 1,
wherein the processor defines the region where the first
capacitance-variation values of the row electrodes exceed the
first threshold and the second capacitance-variation values of
the column electrodes exceed the first threshold as a bending
zone and defines the rest of the region as a non-bending zone
and the processor raises the second threshold of the bending
zone.

6. A method for reducing the misreporting of the touch
point of a touch-sensing display device, comprising:

providing a plurality of row electrodes and column elec-

trodes;

detecting first capacitance-variation values of each of the

row electrodes with respect to a reference and second
capacitance-variation values of each of the column elec-
trodes with respect to the reference, and detecting third
capacitance-variation values of each intersection of the
row electrodes and the column electrodes;

counting the first number of the first and second capaci-

tance-variation values which exceed a first threshold,
counting the second number of the first and second
capacitance-variation values which are up to a maxi-
mum capacitor-variation value, and counting the third
number of the third capacitance values which exceed a
second threshold, in the first operation;

carrying out a first operation to determine the entering of a

bending mode, according to the first, second and third
capacitance-variation values;

making the touch-sensing display device enter the bending

mode when the first and second numbers are over a first
predetermined number and a second predetermined
number respectively, and the third number is below the
first number; and

carrying out a second operation to raise the second thresh-

old when the touch-sensing display device is in the bend-
ing mode.

7. The method for reducing the misreporting of the touch
point of the touch-sensing display device as claimed in claim
6, further comprising:

counting a fourth number of third capacitance-variation

values which are up to the maximum capacitor-variation
value;

making the touch-sensing display device enter the bending

mode when the fourth number is over a third predeter-
mined number.

8. The method for reducing the misreporting of the touch
point of the touch-sensing display device as claimed in claim
6, wherein the touch-sensing display device further has the
functions of Palm Rejection and Recalibration;

disabling the functions of Palm Rejection and Recalibra-

tion when making the touch-sensing display device
enter the bending mode.

9. The method for reducing the misreporting of the touch
point of the touch-sensing display device as claimed in claim
6, further comprising:

defining the region where the first capacitance-variation

values of the row electrodes exceed the first threshold
and the second capacitance-variation values of the col-
umn electrodes exceed the first threshold as a bending
zone, defining the rest of the region as a non-bending
zone, and the processor raising the second threshold of
the bending zone.
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